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Basic Pulse Tubes
Performance Comparison

          
Compressor

Regenerator Pulse Tube
Cold Heat 
Exchanger

Hot Heat 
ExchangerAftercooler

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

9 2 / 1 1 .LKTR

9 2 / 1 0 .HT 1 . 8 2 0.1 cm  iron beads;
25 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 5 7 . 4 1 . 8 3

9 2 / 1 0 .HT 1 . 8 2 0.1 cm  iron beads;
100 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 4 3 . 9 2 . 8 5

9 2 / 1 0 .HT 1 . 8 2 0.1 cm  iron beads;
150 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 5 . 1 3 . 7 7

9 2 / 1 0 .HT 1 . 8 2 0.1 cm  iron beads;
150 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 3 . 8 4 . 2 2

9 2 / 1 0 .HT 1 . 8 2 0.1 cm  iron beads;
300 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 5 . 1 5 . 2 4

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 100 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 4 5 . 9 2 . 7 8

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 150 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 4 3 . 2 3 . 3 2

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 225 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 8 . 6 4 . 2 1

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 300 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 2 9 . 8 5 . 3

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 350 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 3 . 7 5 . 3 6

9 2 / 1 0 .HT 1 . 8 2 0.147 cm copper
beads; 450 grams

1 . 8 2 3 0 . 0 4 Dry air 1 1 1 1 . 0 0 . 7 5 2 3 6 . 6 6 . 4 5

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 9 2 0 1 1 3 . 4 3 . 2 2 9 3 1 6 9 0

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 2 2 0 1 1 3 . 4 3 . 2 2 9 3 1 7 7 0

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 0 2 0 1 1 3 . 4 3 . 2 2 9 3 1 8 1 0



Basic Pulse Tubes Performance Comparison (cont.)
Com-

pressor
Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

0 . 6 2 0 1 1 3 . 4 3 . 2 2 9 3 2 3 0 0

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 3 . 5 1 6 3 0

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 3 . 5 2 1 5 5

8 8 / 0 1 .R 0.25 gap 1 5 2 mm dia. Pb
spheres in annulus

1 1 5 He 4 6 5 2 9 0 1 5 0 0

7 2 / 0 8 .LA 1 . 2 2 0 . 3 150 mesh phosphor
bronze screens

2 . 5 - 1 . 2 2 0 . 3 He 1 8 5 0

7 2 / 0 8 .LA 1 . 2 2 5 . 4 150 mesh phosphor
bronze screens

2 . 5 - 1 . 2 2 5 . 4 He 1 6 0 0

7 2 / 0 8 .LA 1 . 2 1 0 250 mesh phosphor
bronze screens

1 . 9 - 1 . 2 1 2 He 1 0 . 7 4 . 2 4 . 4 1 3 5 0

7 2 / 0 8 .LA 1 . 2 1 0 250 mesh phosphor
bronze screens

1 . 9 - 1 . 2 1 2 He 1 0 . 7 4 . 2 4 . 4 1 5 0 1

7 2 / 0 6 .NM 1 . 7 5 1 0 200 mesh  Phosphor
Bronze

1 . 7 5 5 8 a i r

7 2 / 0 6 .NM 1 . 7 5 1 0 200 mesh  Phosphor
Bronze

1 . 7 5 4 0 a i r

7 2 / 0 6 .NM 1 . 7 5 1 0 200 mesh  Phosphor
Bronze

1 . 7 5 2 0 a i r 5 . 8 1 0 . 3 0 . 6 7 3 0 3 2 1 4 . 5 0

7 2 / 0 6 .NM 1 . 2 5 1 0 200 mesh  Phosphor
Bronze

1 . 2 5 2 0 a i r

7 2 / 0 6 .NM 1 . 2 5 1 0 200 mesh  Phosphor
Bronze

1 . 2 5 5 8 a i r

7 2 / 0 6 .NM 1 . 2 5 1 0 200 mesh  Phosphor
Bronze

1 . 2 5 4 0 a i r

7 2 / 0 6 .NM 1 . 2 5 1 0 200 mesh  Phosphor
Bronze

1 . 2 5 2 0 a i r

7 1 / 0 5 .L 2 . 5 2 0 . 3 He 1 8 5 0

7 1 / 0 5 .L 2 . 5 2 5 . 4 He 7 . 7 5 . 8 1 . 4 1 6 0 0

6 7 / 0 8 .CFRS 2 . 4 4 3 0 . 5 0.127 cm dia. Pb
s h o t

1 . 5 3 0 . 5 0 . 0 4 1 He 3 . 4 3 2 . 6 2 7 9 2 2 0 1 6

6 7 / 0 8 .CFRS 2 . 4 4 3 0 . 5 0.127 cm dia. Pb
s h o t

1 . 5 3 0 . 5 0 . 0 4 1 He 3 . 4 3 2 . 6 2 7 9 2 0 0 1

6 7 / 0 1 .L 1 . 9 3 1 . 7 5 He 1 7 . 2 0 . 6 7 2 9 4 1 6 7 0

6 6 / 0 6 .GK 1 . 9 6 . 3 5 >400  200 mesh
bronze screens

4 x 0 . 6 4 1 0 . 2 He 7 . 9 4 . 2 6 . 1 2 8 9 2 3 0 1 . 2



Basic Pulse Tubes Performance Comparison (cont.)
Com-

pressor
Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

6 6 / 0 6 .GK 1 . 9 6 . 3 5 >400  200 mesh
bronze screens

4 x 0 . 6 4 1 0 . 2 He 1 3 . 4 4 . 2 6 . 1 2 8 9 2 3 0 2 . 7

6 6 / 0 6 .GK 1 . 9 6 . 3 5 >400  200 mesh
bronze screens

4 x 0 . 6 4 1 0 . 2 He 1 3 . 4 4 . 2 6 . 1 2 8 9 1 6 5 0

6 5 / 0 1 .GL 1 . 6 6 . 3 5 200-mesh bronze
sc reens

1 . 8 1 7 . 8 . 0 5 He 1 0 . 6 1 0 . 2 0 . 7 2 8 3 1 6 9 0

6 5 / 0 1 .GL 1 . 6 6 . 3 5 200-mesh bronze
sc reens

1 . 8 1 7 . 8 . 0 5 He 1 3 . 7 7 . 4 1 . 2 7 2 8 2 1 6 7 0
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  Single-Stage Orifice Pulse Tubes
 Performance Comparison

           
Compressor

Regenerator Pulse Tube
ReservoirCold Heat 

Exchanger
Hot Heat 
Exchanger

Orifice

Aftercooler

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

9 3 / 0 3 .WWC 1 5 1 . 4 6 . 5 650 disks of 400
mesh stainless steel

0 . 7 5 8 He 1 0 5

9 3 / 0 3 .GM 2.0, 1.7,
1 . 7

8.5, 8.0,
7 . 5

1st stage-300 mesh
bronze screen; 2nd
stage-Pb shot; 3rd
stage-Er3Ni shot

0 . 9 1 0 . 0 . 0 5 6 6 1 0

9 2 / 0 6 .WWC 1 3 . 6 1 . 4 6 . 5 400 mesh stainless
steel screen

0 . 7 5 6 . 5 He 7 1 8 1 1 4 0

9 1 / 0 6 .DME

9 0 / 1 0 .RTR 2 5 1 . 5 3 1 0 stacked discs of 304
stainless steel wire

cloth woven from
0.053 mm diameter

wire forming 7.9
openings per

milimeter, porosity
= 0.63.

He 2 2 7 2 9 0 7 7

9 0 / 0 5 .BHCG 1 . 8 4 0 He 3 2 . 5 3 3 1 0 2 9 4

9 0 / 0 4 .WZZZ 5 5 2 2000 layers Cu &
stainless steel

s c r eens

He 1 9 1 . 2 6 1 4 3 5 0 6 8 0

9 0 / 0 4 .WZZZ 6 8 2 2000 layers Cu &
stainless steel

s c r eens

He 1 3 1 . 2 6 1 3 3 5 0 6 2 0

9 0 / 0 4 .WZZZ 6 8 2 2000 layers Cu &
stainless steel

s c r eens

He 1 3 1 . 2 6 1 3 3 5 0 7 7 2 . 5

9 0 / 0 4 .ZWCZZ 2 4 0 3 . 6 / 2 . 8 2 0 / 3 150 Cu mesh 1 . 9 4 2 He 1 1 7 5 5 0

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 9 2 0 1 1 3 . 4 3 . 2 2 9 3 8 5 0



Single-Stage Orifice Pulse Tubes Performance Comparison (cont.)

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 2 2 0 1 1 3 . 4 3 . 2 2 9 3 1 1 6 0

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 0 2 0 1 1 3 . 4 3 . 2 2 9 3 1 2 0 0

8 9 / 0 7 .DM 1 . 3 6 1 7 630 discs 80 mesh
Cu screen

1 . 9 2 0 1 1 3 . 4 3 . 2 2 9 3 1 0 0 4

8 9 / 0 7 .TCB stainless steel
s c r eens

He 3 0 0 5 3 0

8 9 / 0 6 .LZZ 2 4 0 3 . 6 / 2 . 8 2 0 / 3 150 mesh Cu screens 1 . 9 4 2 0 . 0 5 He 1 0 . 6 8 . 3 4 9 0

8 9 / 0 6 .LZZ 2 4 0 3 . 6 / 2 . 8 2 0 / 3 150 mesh Cu screens 1 . 9 4 2 0 . 0 5 He 1 0 . 6 8 . 3 6 5 6 . 6

8 9 / 0 6 .LZZ 2 4 0 3 . 6 / 2 . 8 2 0 / 3 150 mesh Cu screens 1 . 9 4 2 0 . 0 5 He 1 0 . 6 1 . 4 4 8 . 3 7 7 1 2

8 8 / 0 8 .KM 1 . 3 5 200 mesh phosphor-
bronze

0 . 7 1 4 0 . 0 5 He 2 . 9 1 . 4 1 . 9 3 0 0 2 4 5 1

8 8 / 0 8 .KM 1 . 3 5 200 mesh phosphor-
bronze

0 . 7 1 4 0 . 0 5 He 2 . 9 1 . 4 1 . 9 3 0 0 2 0 5 0

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 1 8 1 . 4 9 6 . 5 7 8 0

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 1 8 1 . 4 9 6 . 5 1 2 5 7 . 5

8 8 / 0 8 .RCZ 2 5 1 . 2 2 1 2 . 7 150 mesh stainless
s t e e l

0 . 9 1 1 0 . 0 2 5 He 1 5 1 . 3 1 5 3 1 5 8 2 0

8 8 / 0 8 .RCZ 2 5 1 . 2 2 7 . 6 150 mesh stainless
s t e e l

0 . 9 1 1 0 . 0 2 5 He 1 5 1 0 3 1 5 9 4 . 6 0

8 8 / 0 8 .RCZ 2 5 1 . 5 3 1 0 200 mesh stainless
s t e e l

0 . 9 1 2 . 3 4 0 . 0 2 5 He 1 5 1 . 2 7 1 5 3 1 5 7 1 0

8 8 / 0 8 .RCZ 2 5 1 . 5 3 1 2 . 7 200 mesh stainless
s t e e l

0 . 9 1 2 . 3 4 0 . 0 2 5 He 1 5 1 5 3 1 5 8 1 . 3 0

8 8 / 0 8 .RCZ 2 5 1 . 5 3 1 2 . 7 200 mesh stainless
s t e e l

0 . 9 1 9 . 1 0 . 0 2 5 He 1 5 1 . 1 6 2 0 3 1 5 1 0 5 0

8 8 / 0 8 .RCZ 2 5 1 . 5 3 1 7 . 8 200 mesh stainless
s t e e l

0 . 9 2 1 0 . 0 2 5 He 1 5 1 . 1 9 1 0 3 1 5 8 1 0

8 8 / 0 8 .RCZ 2 5 1 . 3 5 2 . 8 210 mesh nylon
sc reen

0 . 9 1 1 0 . 0 2 5 He 1 5 1 . 4 7 1 0 3 1 5 1 0 4 0

8 8 / 0 8 .RCZ 2 5 1 . 6 6 8 . 9 200 mesh stainless
steel screen & 210
mesh nylon screen

0 . 9 1 2 . 3 4 0 . 0 2 5 He 1 5 1 . 2 6 1 5 3 1 5 7 1 0



Single-Stage Orifice Pulse Tubes Performance Comparison (cont.)

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

8 8 / 0 8 .RCZ 2 5 1 . 9 1 6 . 9 150 mesh stainless
steel & 140 mesh

nylon (top 1.7 cm),
200 mesh stainless

steel & 210 mesh
nylon (mid 3.4 cm),
250 mesh stainless

steel & 210 mesh
nylon (bottom  1.8

cm),

0 . 9 1 2 . 3 4 0 . 0 2 5 He 1 5 1 . 2 9 1 5 3 1 5 7 7 0

8 8 / 0 8 .RCZ 2 5 1 . 6 6 6 . 8 250 mesh stainless
s t e e l

0 . 9 1 2 . 3 4 0 . 0 2 5 He 2 0 9 3 1 5 6 7 0

8 8 / 0 8 .RCZ 2 5 1 . 6 6 6 . 8 250 mesh stainless
s t e e l

0 . 9 1 2 . 3 4 0 . 0 2 5 He 2 0 1 5 3 1 5 8 0 2

8 7 / 0 6 .SR 1 . 9 1 3 He 1 0 2 . 3 6 3 0 0 2 0 0 3 4

8 6 / 0 9 .RH 1 . 9 1 2 . 7 1050 discs 150
mesh phosphor-

bronze screen

1 . 1 7 2 4 0 . 0 5 1 He 1 0 2 . 6 6 3 0 0 9 0 1 5

8 6 / 0 9 .RH 1 . 9 1 2 . 7 1050 discs 150
mesh phosphor-

bronze screen

1 . 1 7 2 4 0 . 0 5 1 He 1 0 2 . 6 6 3 0 0 2 7 0 4 5

8 6 / 0 9 .RH 1 . 9 1 2 . 7 1050 discs 150
mesh phosphor-

bronze screen

0 . 5 8 2 4 0 . 0 3 He 1 0 2 . 6 3 0 0

8 6 / 0 9 .RH 1 . 9 1 2 . 7 1050 discs 150
mesh phosphor-

bronze screen

1 . 1 7 1 2 0 . 0 5 1 He 1 0 2 . 6 3 0 0

8 6 / 0 9 .RH 1 . 9 1 2 . 7 1050 discs 150
mesh phosphor-

bronze screen

1 . 7 7 1 2 0 . 0 7 1 He 1 0 2 . 6 3 0 0

8 5 / 0 8 .RZSL 1 . 9 1 2 . 7 1050 disks, 150
mesh phosphor-

bronze screen

1 . 2 7 2 3 . 7 He 9 . 7 5 1 . 7 5 9 6 0 0

8 3 / 0 8 .MTS bronze net 1 4 5 a i r 4 1 5 3 0 0 1 0 5 0

8 3 / 0 8 .MTS bronze net 1 4 5 a i r 4 1 5 3 0 0 1 8 0 5 0
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   Expander Pulse Tubes
Performance Comparison

           
Compressor

Regenerator Pulse Tube
ExpanderCold Heat 

Exchanger
Hot Heat 
ExchangerAftercooler

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

9 2 / 1 1 .I I 3 . 6 150 mesh bronze +
200 mesh stainless
steel + 0.3 mm Pb

1 . 5 2 5 He 2 5 8 0 4 5

9 2 / 1 1 .MGTHK 3 . 6 1 2 . 3 300 mesh copper
screen disks; 3.6 cm

in diameter

1 . 9 2 3 . 7 He 1 5 2 8 0 1 7 . 5

9 2 / 0 8 .YK 3 . 4 9 5 3 1 . 0 Stainless steel
screen; 700 of 80
mesh (hot end);

1800 of 250 mesh
(cold end)

2 . 5 3 2 . 7 . 0 5 He 1 3 . 9 5 1 . 5 6 1 . 3 4 7 0

9 2 / 0 8 .YK 3 . 4 9 5 1 6 . 0 Stainless steel
screen; 395 of 80
mesh (hot end);

1025 of 250 mesh
(cold end)

2 . 5 3 2 . 7 . 0 5 He 1 3 . 9 5 1 . 6 6 1 . 3 5 1 0

9 2 / 0 8 .YK 3 . 4 9 5 3 1 . 0 Stainless steel
screen; 700 of 80
mesh (hot end);

1800 of 250 mesh
(cold end)

2 . 5 1 7 . 7 . 0 5 He 1 3 . 7 5 1 . 9 6 1 . 3 1 3 7 0

9 2 / 0 8 .YK 3 . 4 9 5 1 6 . 0 Stainless steel
screen; 395 of 80
mesh (hot end);

1025 of 250 mesh
(cold end)

2 . 5 1 7 . 7 . 0 5 He 1 3 . 9 0 2 . 0 5 1 . 3 1 4 4 0

9 2 / 0 6 .WWC 1 3 . 6 1 . 4 6 . 5 400 mesh stainless
steel screen

0 . 7 5 6 . 5 He 7 1 8 7 8 0



Expander Pulse Tubes Performance Comparison (cont.)

Com-
pressor

Regenerator Pulse Tube Operation

Ref. No.
(Yr /Mo. i i i )

Displacement
(cm3)

Inner
Dia.
(cm)

Length
(cm) Packing

Inner
Dia.
(cm)

Length
(cm)

Wall
Thick.
(cm)

Gas
Used

Oper.
Press.
(bar)

Press.
Ratio

Phi/P l o

Oper.
Freq.
(Hz)

Hot
Ht. Ex.
Temp.

(K)

Cold
Ht. Ex.
Temp.

(K)
Cold Load

(W)

9 1 / 0 8 .KYGG 3 . 4 9 5 3 0 Stainless steel
screen; 700 of 80
mesh (hot end);

1800 of 250 mesh
(cold end)

2 . 5 3 2 . 7 . 0 5 He 4 7

9 1 / 0 4 .KNGYG 3 . 4 9 5 3 0 Hot end: 700
stainless steel

screens of 80 mesh;
cold end: 1800
stainless steel

screens of 250 mesh

2 . 5 2 8 0 . 0 5 5 - 6 1 . 4 - 1 . 6 Room
temp.

1 4 6 0

9 0 / 0 4 .DM 1 0 . 3 4 . 4 2 3 . 3 5 7 0

9 0 / 0 4 .DM 1 0 . 3 4 . 4 2 3 . 3 7 2 1 2

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 1 7 1 . 2 7 1 0 7 3 0

8 8 / 0 8 .MM 3 . 6 1 2 . 5 200 mesh Cu screen 1 . 1 2 2 . 8 0 . 0 5 He 1 7 1 . 2 7 1 0 1 1 0 7 . 5
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